We report the discovery by WASP of five planets orbiting moderately bright (V = 11.0-12.9) Solar-type stars. • ). WASP-134 is a rare example of a system with a short-period giant planet and a nearby giant companion. In-situ formation or disc migration seem more likely explanations for such systems than does high-eccentricity migration.
INTRODUCTION
As we near a tally of 200 planets discovered by our groundbased transit survey WASP , TESS is ushering in the era of space-based wide-field transit surveys (Ricker et al. 2014 ). TESS will provide an important test of the completeness of WASP, as well as of similar surveys such as KELT (Pepper et al. 2007 ), HATNet and HATSouth (Bakos 2018) .
Considering that during its nominal mission TESS will observe most of its target fields for only 27 days, it faces a challenge to discover planets with periods longer than half that duration. For some of those planets for which TESS observes only one or two transits, ephemerides may be recovered by combining the TESS data with the long baseline of the aforementioned surveys (Yao et al. 2018) . Though each of those surveys is multi-site, even single-site observations would be effective in following up TESS's singletransit detections (Cooke et al. 2018 ). Thus ground-based projects such as TRAPPIST Jehin et al. 2011) , NGTS and SPECULOOS (Delrez et al. 2018) stand to play an important role, as does ESA's CHEOPS satellite (Broeg et al. 2013) , which is scheduled for launch in late 2019.
Warm Jupiters (orbital period P = 10-200 d) are more difficult to find than are hot Jupiters, due to their lower geometric transit probability, less frequent transits, and longer transit durations. Also, they may be inherently less common (e.g. Santerne et al. 2016) . Considering only 'Jupiters' (planets with mass M P > 0.3 M Jup ), the TEPCat database lists 416 hot Jupiters (P < 10 d), but only 37 Jupiters in the range P = 10-20 d (Southworth 2011) .
Longer-period planets are certainly worth the effort required to find them: to gain an understanding of the diversity of exoplanets, their various formation and evolution histories, bulk and atmospheric compositions, etc., we must populate a wide region of parameter space. Specifically, by measuring the orbital eccentricities and stellar obliquities of planets in the tail end of the hot-Jupiter period distribution, where tides are weak, it may be that we can explain hot Jupiter migration (e.g. Anderson et al. 2015a ).
While it is common for a hot Jupiter to have a massive companion in a wide orbit (e.g. Howard et al. 2012; Neveu-VanMalle et al. 2016; Triaud et al. 2017) , no hot Jupiters are known to have close companions (with the notable exception of WASP-47b; Hellier et al. 2012; Becker et al. 2015) . Conversely, half of warm Jupiters are flanked by small companions, which Huang et al. (2016) interpreted as indicating that warm Jupiters formed in situ.
We report here the discovery by the WASP survey of five planets orbiting Sun-like stars. In three systems we detect a single hot Jupiter and in the fourth system we detect two warm Jupiters. We measure the orbital eccentricity of both warm Jupiters and the stellar obliquity of the inner planet.
OBSERVATIONS
From periodic dimmings seen in their SuperWASP-North and WASP-South lightcurves ; top panel of Figs. 1 to 4), we identified each star as a candidate host of a transiting planet using the techniques described in Collier Cameron et al. ( , 2007 . We conducted photometric and spectroscopic follow-up observations using various facilities at the ESO La Silla observatory: the EulerCam imager and the CORALIE spectrograph, both mounted on the 1.2-m Swiss Euler telescope (Lendl et al. 2012; Queloz et al. 2000) , the 0.6-m TRAPPIST-South imager Jehin et al. 2011) , and the HARPS-S spectrograph on the 3.6-m ESO telescope (Pepe et al. 2002) . We obtained additional data using the HARPS-N spectrograph on the 3.6-m Telescopio Nazionale Galileo at the Observatorio del Roque de los Muchachos (Cosentino et al. 2012) . We provide a summary of our observations in Table 1 .
We obtained lightcurves from the time-series images using standard differential aperture photometry (second panel of Figs. 1 to 4). We computed radial-velocity (RV) measurements from the CORALIE and HARPS spectra by weighted cross-correlation with a G2 binary mask (Baranne et al. 1996; Pepe et al. 2002) . We detected sinusoidal variations in the RVs with semi-amplitudes consistent with planetary mass companions and that phase with the WASP ephemerides (bottom panel of Figs. 1 to 4) . The lack of correlation be- b For the photometry datasets, we state which filter was used. For the spectroscopy datasets, we indicate whether the data cover the orbit or the transit. 'MF' indicates that TRAPPIST-South performed a meridian flip, which was accounted for by including an offset during lightcurve fitting.
tween RV and bisector span supports our conclusion that the RV signals are induced by orbiting bodies and not by stellar activity (Fig. 5; Queloz et al. 2001 ).
STELLAR ANALYSIS
We performed spectral analyses using the procedures detailed in Doyle et al. (2013) to obtain stellar effective temperature T eff , surface gravity log g * , metallicity [Fe/H], projected rotation speed v sin i * ,spec , and lithium abundance log A(Li). The results of the spectral analyses are given in Table 2 . We calculated macroturbulence using the calibration of Doyle et al. (2014) . We calculated distance using the Gaia DR2 parallax (Gaia Collaboration et al. 2018) , and stellar luminosity and radius using the infrared flux method (IRFM) of Blackwell & Shallis (1977) . Using the method of Maxted et al. (2011) , we checked for modulation of the WASP lightcurves as can be caused by the combination of magnetic activity and stellar rotation. We find no signals with amplitudes greater than 1-2 mmag. Though we can measure stellar density ρ * directly from the transit lightcurves, we require a constraint on stellar mass M * or radius R * for a full characterisation of the system. For each star we inferred M * and age τ using the bagemass stellar evolution MCMC code of Maxted et al. (2015) , with input of the values of ρ * from initial MCMC analyses (see Section 2) and T eff and [Fe/H] from the spectral analyses. We conservatively inflated the error bar by a factor of 2 to place Gaussian priors on M * in our final MCMC analyses. We note that the values of R * from our final MCMC analyses are consistent with the values obtained from the IRFM and the Gaia parallax (compare the values in Tables 2 and 4). sectionSystem parameters from MCMC analyses We determined the system parameters from a simultaneous fit to the transit lightcurves and the radial velocities using the current version of the Markov-chain Monte Carlo (MCMC) code Age τ 5.1 ± 1.6 4.3 ± 1.8 1.9 ± 1.5 6.9 ± 2.5 Gyr a From the USNO YB6 catalog.
b Spectral type estimated using the table in Gray (1992) . for WASP-143b, and e = 0.041
−0.029 for WASP-146b. Each value is small and of low significance, so we adopted circular orbits, as is encouraged by Anderson et al. (2012) for hot Jupiters in the absence of evidence to the contrary. We adopted an eccentric orbit for WASP-134b (P = 10.1 d) as it fits the data much better than does a circular orbit (∆AICc = 40). Having noticed excess scatter about an initial fit, we calculated a periodogram of the residuals and found a significant peak around P = 70 d (Fig. 6 , top panel; FAP < 0.001), which we attribute to the planet WASP-134c. The absence of a correlation between bisector span and residual RV (about the best-fitting orbit for WASP-134b) supports our interpretation that the 70-d signal is induced by a planet and not stellar activity (Fig. 6, middle panel) . We used the RadVel code of Fulton et al. (2018) to fit a two-planet model, fixing P and T c for the inner planet at the values derived from the transit photometry, placing a limit on eccentricity of e < 0.35, and excluding the transit sequences. We plot the best-fitting two-planet model in Fig. 7 and provide the two-planet solution in Table 3 . The two-planet model is a much better fit to the data than is the one-planet model (∆AICc = 111). A periodogram of the residual RVs about the two-planet model shows no significant peak (Fig. 6, bottom panel) . We do not For each system, to for instrumental and astrophysical offsets, we partitioned the RV datasets and fit a separate systemic velocity to each of them. This included the CORALIE RVs from before and after the November 2014 upgrade (labelled CORALIE07 and CORALIE14, respectively), and the HARPS RVs around the orbit and through the transits of WASP-134b. For WASP-134b, we modelled the Rossiter-McLaughlin (RM) effect using the formulation of Hirano et al. (2011) . Due to the low transit impact parameter, there is a degeneracy between the projected stellar rotation speed v sin i * ,RM and the projected stellar obliquity λ (e.g. Albrecht et al. 2011 ). This results in values of v sin i * ,RM (> 9 km s −1 ) far higher than the value from our spectral analysis (v sin i * ,spec = 0.9 ± 0.6 km s −1 ), so we placed a Gaussian prior on v sin i * ,RM using the value from the spectral analysis. With the prior, we obtained λ = −43.7 ± 9.9
• and v sin i * ,RM = 2.08 ± 0.26 km s −1 . Without the prior, we obtained λ = −67 +15 −9
• and v sin i * ,RM = 3.3 +1.5 −0.9 km s −1 . We present the median values and 1-σ limits on the system parameters from our final MCMC analyses in Table 4 . We plot the best fits to the RVs and the transit lightcurves in Figs. 1 to 4 and the residuals of the RVs about the best-fitting orbital models in Fig. 8 . 
DISCUSSION
We have presented the discovery of five Jupiter-mass planets (M P = 0.68-1.41 M Jup ) orbiting moderately bright (V = 11.0-12.9) Solar-type stars (M * = 1.06-1.22 M ⊙ ). As fairly typical hot Jupiters (T eql = 1300-1600 K) with orbital periods of P = 3-4 d, WASP-137b, WASP-143b and WASP-146b are remarkably similar to each other (Tables 2 and 4) .
The WASP-134 system is rather more interesting. WASP-134 is a metal-rich G4 star ([Fe/H] = +0.40 ± 0.07) orbited by two warm Jupiters. WASP-134b (M P = 1.41 M Jup ; T eql = 950 K) is in an eccentric (e = 0.15 ± 0.01), 10.15-d orbit (a = 0.096 AU) that is misaligned with the spin of the star (λ = −44 ± 10
• ). Its companion, WASP-134c (M P sin i = 0.70 M Jup ; T eql = 500 K), is in an eccentric (e = 0.17 ± 0.09), 70.0-d orbit (a = 0.35 AU). Thus WASP-134 is a rare type of system: a hot/warm Jupiter with a nearby giant companion. In that respect, WASP-134 may be similar to the HAT-P-46 system. Hartman et al. (2014) found that their RVs of HAT-P-46 are fit well with a two-planet model: M P = 0.49 and P = Table 3 .
b Impact parameter is the distance between the centre of the stellar disc and the transit chord: b = a cos i/R * .
c We actually fit √ e cos ω, √ e sin ω, √ v * sin i * cos λ and √ v * sin i * sin λ, but we give these quantities for ease of interpretation and comparison with other studies.
d We assumed circular orbits for these systems.
e Equilibrium temperature calculated assuming zero albedo and efficient redistribution of heat from the planet's presumed permanent day-side to its night-side. 4.5 d for HAT-P-46b and M P sin i = 2.0 M Jup and P = 78 d for the candidate planet HAT-P-46c. The evidence for HAT-P46c, though, is not yet conclusive and further RV monitoring is required.
Of those hot/warm Jupiters with confirmed giant companions, the companions tend to be very far out (e.g. HAT-P-17c with P = 1610 d; Howard et al. 2012) , and rarely closer than 1 AU (e.g. WASP-41c at a = 1.07 AU and WASP-47c at a = 1.36 AU; Neveu-VanMalle et al. 2016) . Also of note are those hot-Jupiter systems with browndwarf companions within a few AU, such as WASP-53 and WASP-81 (Triaud et al. 2017) . In their tabulation of hot and warm Jupiters with nearby giant companions, Antonini et al. (2016) list only three companions inside of 1 AU, the closest of which is HD 9446 c at 0.65 AU (Hébrard et al. 2010) . With a = 0.35 AU, WASP-134c is in a much shorter orbit.
It seems unlikely that WASP-134b could have arrived in situ via high-eccentricity migration (e.g Petrovich & Tremaine 2016) . Antonini et al. (2016) studied the observed population of hot and warm Jupiters with nearby giant companions and found that the ejection of a planet or its collision with the star are more likely outcomes when exploring such pathways. Thus in-situ formation (e.g. Huang et al. 2016) or disc migration (e.g. Lin et al. 1996 ) seem more likely explanations.
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